Certain cyanobacterial species have the unique ability to reduce atmospheric N2 to organic nitrogen.
Introduction
The use of biological components in the CELSS program as subsystems for the revitalizaton of air, waste processing, and for the production of food has been proposed for long-term space flight(').
To this end, many systems of biomass (protein, carbohydrate, lipid) production are under consideration by NASA., Employment of photosynthetic systems (higher plants, green algae and cyanobacteria) allow biomass production from relatively simple components which are readily recycled in a CELSS system, namely C02, minerals (NO;, PO;, k , Na+, etc. ) and micronutrients.
The production of plant material in a closed system presents several problems, two of which we shall address here. A primary consideration is that of the energy requirement for continuous operation, including illumination, temperature control and various maintenance mechanisms. One way in which the energy demands can be lessened is by modifying the quality of the light used.
Illumination of photosynthetic systems with white light (300-700nm range) is wasteful, since photosynthetic organisms utilize only selected regions of the visible , * spectrum. Tailoring the emission profile of the light ' ..
source to match that of the action spectrum of photosynthesis, or to select an I1emission bandw in a region of maximal absorption by some of the photosynthetic pigments would present an energy saving, especially if the selected I1emission bandw was in the blue region, when using fluorescent light sources.
A second concern is the probability of nitrogen loss from the closed system by th& action of contaminating denitrifying bacteria, which degrade NO; to N2 gas, which is then lost from the biological system (2) . Denitrification is most likely to occur irrespective of the method of waste processing due to the storage of human waste and non-food biomass (cellulose), which would result in an irreversible loss of biologically essential nitrogen.
To address the above problems, we have proposed the use of cyanobacteria (blue-green algae) as the photosynthetic organism of choice. 
Ex~erimental Results
Representative strains of cyanobacteria are shown in Table I , along with their nitrogen fixing capabilities and growth conditions. The heterocystous filamentous strain Nostoc muscorum (Anabaena 7119) was chosen for the present study.
, .
Growth of Nostoc muscorum under blue (400-500nm) and 2 white (300-700nm) light at 150uE/s/m , is shown in Figure   1 . Clearly the cells grow readily under the blue light, (Figure 2 and 3, upper sections) . Calculation of rates (particularly photosynthesis) on a total chlorophyll basis reveal an apparent increase in photosynthetic rate (Figure 2 , lower section). However, this reflects a decrease in total cell chlorophyll, a chromatic adaption to blue light (see Table 11 ). Analysis of cellular products after a seven day growth period under blue and white light reveals that little change occurs in soluble sugars, glycogen, or lipids, while total protein decreases only by 10% (Table 11 ). An nunknownff component which does increase (see "Totalff column in Table 11 ), is probably cell wall material, and is under further characterization. tions was the development of the heterocysts mentioned above. However, as with other nitrogenase containing microorganisms, the mechanisms by which these cells retain an oxygen-free internal environment is not completely -understood.
. .
We have recently developed an ESR technique which enables us to measure introcellular O2 concentrations. We hope to utilize-this method to gain a better*understanding of the protection mechanisms against the toxic effects of o2 to nitrogenase, and thereby of the ways the activity of this enzyme may be manipulated to the projectls advantage. (Figure 4a) .
The effect is even more pronounced when a higher derivative of the spectrum is examined (Figure 4b ). According to our calculations, this broadening is equivalent to O2 concentration in the suspension of 2.5 mM. Furthermore, by quenching the extracellular signal, it is possible to examine only the probe inside the cells (Figure 5 ) , and using the measured degree of broadening calculate intra- 
Future Research
We propose to continue the investigation of the effects of selected wavelengths (and combinations of selected wavelengths) on biomass production and the biochemical functions of O2 evolution and N2 fixation.
In non-nitrogen fixing strains of cyanobacteria we have shown that changes in the environmental conditions, particularly increases in salinity, result in a marked increase in soluble sugars ( 6 and carbohydrate storage products ( 5 ) . We plan to investigate the partitioning of photosynthetically derived reductant between the various macromolecules (protein, lipid, carbohydrate) under such conditions to determine the ability to manipulate the relative 1evels.of the various macromolucules by environmental changes.
